ABSTRACT. The interaction of dopamine with adenine and guanine were studied at the Hartree-Fock level theory. The structural and vibrational properties of dopamine-4-N7GUA and dopamine-4-N3ADE were studied at level of HF/6-31G*. Interaction energies (∆E) were calculated to be -11.49 and -11.92 kcal/mol, respectively. Some of bond lengths, angels and tortions are compared. NBO studies were performed to the second-order and perturbative estimates of donor-acceptor interaction have been done. The procedures of gauge-invariant atomic orbital (GIAO) and continuous-set-of-gauge-transformation (CSGT) were employed to calculate isotropic shielding, chemical shifts anisotropy and chemical shifts anisotropy asymmetry and effective anisotropy using 6-31G* basis set. These calculations yielded molecular geometries in good agreement with available experimental data.
INTRODUCTION
The neurotransmitter DA is formed in the cell bodies of the dopaminergic neurons of the substantia nigra [1] . The etiology of Parkinson's disease [2] [3] [4] [5] [6] [7] and its underlying mechanism of loss of DA neurons are unknown. There is evidence, however, that DA is involved in the etiology of this disease, based on the observation by Graham et al. [8] DA is oxidized to the corresponding quinone. Covalent binding of DA to DNA occurs upon incubating DA with HL-60 cells or human glioblastoma cell lines [9] by copper-mediated oxidation of DA [10] or by oxidation of DA with prostaglandin H synthase [11, 12] . We hypothesize that oxidation of DA to its quinone and subsequent reaction with DNA cause DNA damage via formation of specific depurinating adducts, and the mutations generated by that damage might play a major role in initiating the series of events leading to neurodegenerative disorders such as Parkinson's disease.
To demonstrate binding to DNA in vitro, CAT and DA were oxidized in reactions catalyzed by horseradish peroxidase, tyrosinase or phenobarbital-induced rat liver microsomes in the presence of DNA. All the three enzymes catalyzed formation of detectable amounts of the depurinating adducts of DA, DA-6-N3Ade and DA-6-N7Gua, as well as the CAT-4-N7Gua depurinating adduct of CAT. In contrast, the CAT-4-N3Ade adduct was detected only after activation by tyrosinase.
If oxidation of DA to its quinone does not occur in a properly controlled environment, we hypothesize that the quinone might react with DNA to form depurinating DNA adducts, generating mutations that could initiate neurodegenerative disorders such as Parkinson's disease.
The first step in cancer initiation is the reaction of chemical carcinogens with DNA to form stable adducts, which remain in DNA unless removed by repair, and depurinating adducts, which detach from DNA following destabilization of the glycosyl bond. Depurinating DNA adducts of polycyclic aromatic hydrocarbons play a major role in the initiation of cancer, as shown by the correlation between depurinating adducts and oncogenic mutations of the H-ras oncogene in mouse skin.
All of the optimized structures were carried out at the HF/6-31G* level. Electronic structures were analyzed with the natural bond order method [13] (NBO). In the NBO method, for optimally transforming a given wave function into localized form, corresponding to the onecenter (lone pair) and two-center (bond) elements of the chemists Lewis structure picture. This carried out by examine all possible interactions between filled (donor) Lewis type NBOs and empty (acceptor) non Lewis NBOs and estimating their energetic importance by two secondorder perturbation theory. Since these interactions lead to loss of occupancy from the localized NBOs of the idealized. Lewis structure into the empty non-Lewis orbitals (and thus, to departures from the idealized Lewis structure description), they are referred to as delocalization corrections to the zeroth-order natural Lewis structure.
In this report, we describe in detail the structures of dopamine-4-N7GUA and dopamine-4-N3ADE using ab initio quantum-chemical calculation made at the Hartree-Fock (HF) theoretical level with 6-31G* basis set. The structures were supported by comparing the measured 1 H NMR spectra to the results of ab initio gauge-invariant atomic orbital (GIAO) [14] [15] [16] [17] and continuousset-of-gauge-transformation (CSGT) [18] computations of chemical shifts.
We also study the NBO analysis is based on a method for optimally transforming a given wave function into localized form, corresponding to the one-center (lone pair) and two-center (bond) elements of the chemists Lewis structure picture [13] .
EXPERIMENTAL
All the calculations reported here carried out using the Gaussian 98 [19] . The system studied by using geometry optimization consisted of dopamine and DNA. The structures were optimized using the framework of Hartree-Fock and 6-31G* basis set. A natural bond orbital (NBO) analysis, which localizes the many-electron wave function into Lewis-type electron-pairs were carried out at the HF level and 6-31G* basis set of theory to determine donor-acceptor interactions. All NMR analysis have been performed using 6-31G* basis set and the HF level. The GIAO and CSGT methods were used to calculate the isotropic NMR shielding at the HF/6-31G* of theory. Interaction energy (∆E) are calculated due to the difference between the total energies of adducts with the sum of the components:
where ∆E is the energy interaction, E CX the complex energy, E BC the energy of proton-donor component (i.e. Brönsted acid), E AC the energy of proton acceptor component (i.e. Brönsted base).
RESULTS AND DISCUSSION
Theoretical results of calculated optimized geometries for compounds are given in Table 1 and optimized structures obtained in the HF/6-31G* is shown in Figure 1 . Length of N 4 -C 1 in dopamine-4-N7GUA is less than dopamine-4-N3ADE, therefore dopamine and guanine form stronger bond.
The computed energies of the complexes are compared by HF/6-31G* method (Table 2 ). Stablization energy of dopamine-4-N7GUA is further than dopamine-4-N3ADE.
Thermodynamic data and interaction energy are given in Table 3 . Entropies are negative, because is produced an adduct from two compound. NBO calculations shown the N or O-bonding contribution in the compounds (Table 4) . A filled bonding or lone pair orbital can act as a donor and an empty or filled bonding, antibonding or lone pair orbital can act as acceptor. These interactions can strengthen and weaken bond. For example, a lone pair donor antibonding acceptor orbital interaction will weaken the bond associated with the antibonding orbitals.
Conversely, an interaction with a bonding pair as the acceptor will strengthen the bond. Strong electron delocalization in a best Lewis structure will also show up as donor-acceptor interaction. Table 5 shown the interactions that give the strongest stabilization. For formation of adducts, C 1 -dopamine were contacted to N4-adenine or N7-guanine. Hybrid coefficients of C 1 -N 4 were calculated in both adducts. For dopamine-4-N7GUA, stabilization energy E(2) associated with delocalization of C 1 -N 4 as charge of C 1 , is further than dopamine-4-N3ADE. Therefore, the increasing N 4 basicity (and Rydberg) of dopamine-4-N7GUA can be attributed to the relative stabilization and increased stability of the adduct. Table 1 . Optimized bond length (Å) and angles of dopamine-4-N7GUA and dopamine-4-N3ADE.
Distance (Å) 
Distance (Å) Table 4 . Hybrid coefficients of bonds calculated by NBO method in HF/6-31G* level With using the Gaussian 98 program, we first optimized adducts with HF/6-31G* level. Then, we calculated isotropic spectroscopic shielding for all atoms. We use both the GIAO method and CSGT procedure, which is implemented in the Gassian 98 program.
Ab initio calculations yield the data in Tables 6 and 7 shown the values for the isotropic shielding, chemical shifts anisotropy and chemical shifts anisotropy asymmetry and effective anisotropy. In Table 8 were compared NMR spectrum of adducts and free dopamine. GIAO method is better procedure because the data agree with experimental results [20] . For dopamine-4-N3ADE, the 2-H and 8-H of bound adenine were observed at 8.27, 8.49 ppm (8.02, 8.40 ppm in exp.), respectively. Two singlets at 6.52, 7.15 ppm (6.80, 6.86 ppm in exp.) were assigned to aromatic protons. For dopamine-4-N7GUA, 8-H guanine were observed at 8.153 ppm (8.15 ppm in exp.) and peaks at 6.68, 7.64 ppm (6.76, 6.70 ppm in exp.) were assigned to aromatic protons. Also analysis of the atomic charges is done by the natural bonding orbital (NBO) method. Natural charge, valence, rydberg, total of some of atoms were reported in Table 9 . Table 6B . Isotropic shift, Relative (to TMS) shifts in ppm for 13 C and 1 H NMR of dopamine-4-N3ADE using CSGT method at HF/6-31G*. 
